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We, Brunswick Corporation, a corpora- 
tion organized and existing under the laws 
of the State of Delaware, United States of 
America, of 69 West Washington Street, 

5 Chicago, Illinois, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by \^^ch it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to porous metal struc- 
tures comprised of interlocked metal fibers;, 
and to the fibers used to form such structores. 
The metal fiber structures of the present 

15 invention are entirely different firom conven- 
tional steel wools and the like, where fibers 
are produced by urging cutting tools against 
a metal surface to scrape off a thin sliver 
of metal. The width of such slivers is many 

20 times their thickness, for example ten times, 
whereas "the fibers used in the structures of 
the present invention are preferably of gener- 
ally circular cross section, that is the^ trans- 
verse dimension of any given fiber is sub- 

25 stantially. the same whatever the direction in 
which it is measuredr Moreover, the produc- 
ticm of metal fibers by scraping causes numer- 
. ous fractures to occur in the metal, whereas^ 
the fibres used in the structures of the present 

30 invention are substantially free of sudi frac- 
tures. 

In accordance with the invention a porous 
metal web structure comprises a plurality of 
substantially fracture-free, unmadiined and 

35 unbumished metal stajde fibers each of which 
has in any select«i cross-section a mean 
transverse dimension, of effective diameter; of 
less than 50 microns, said fibers having rough 
outer surfaces and being interlocked in an 

40 intermin^ed^^ationship substanti^ly solely 
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by means of said rough outer surfaces thereof 
in fractional engagement. 

The invention also includes the new staple 
metal fiber as such. Fiulher features of the 
invention will sufficiently appear from the 
appended daims vdien read in the light of the 
following description, g^ven widi refexence 
to the accompanying drawings, of particular 
ways of practising the invention. In iEhe draw- 
ings: 

Figure 1 is a fragmentary section of a 
porous metal structure embodying the inven- 
tion; 

Figure 2 is a fragmentary side elevation 
of a metal fiber for use therein; • 

Figure 3 is an end elevation of the fiber 
of Figure 2; 

Figure 4 is a transverse section thereof 
taken substantially along die line 4 — 4 of. 
Figure 2; 

Figure 5 is a broken side elevation of 
another form of metal fiber for use in the 
porous metal structure; 

Figure 6 is an end elevation of the fiber 
of Figvire 5; 

Figure 7 is a schematic illustration of one 
step in a method of forming the metal fibers; 

Figiire 8 is a transverse secticMi taken sub- 
stantially along the line 8 — 8 of Figure 7; 

Figure 9 is a schematic representation of 
anotiier step in the forming oi die metal 
fibers; 

Figure 10 is a side elevation of a tow of 
metal filaments formed as by die steps of 
Figures 7 dirough 9; 

Figure 11 is a schematic side elevaticm of 
an apparatus for breaking the filaments illus- 
trated in Figure 10 into fiber lengths; 

Figure 12 is a side elevation of a tow 
of the filaments broken into sudi fiber lengths; 
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Figure 13 is a schematic block diagram 
illustrating one mediod of forming a porous 
metal structure from the fibers of Figure 
12; 

5 Figure 14 is a schematic block diagram 
illustrating another method of forming a 
porous metal structure from the fibers of 
Figure 12; 

Figure 15 is a schematic block diagram 

10 of still another method of forming a porous 
metal structure from the fibers of Figure 
12; 

Figure 16 is a side elevation of a porous 
metal structure formed of metal fibers having 
15 different diameters; 

Figure 17 is a side elevation of a porous 
metal structure having fibers of different dia- 
meters generally arranged in different layers; 

Figure 18 is an enlarged elevation of a 
20 porous metal structure illustrating the con- 
tacting of the fibers one with the other at 
essentially point contacts; 

Figure 19 is a side dcvation of a porous 
metal structure wherein the fibers are arranged 
25 in a plurality of layers wherein the fibers of 
the different layers vary in size; 

Figure 20 is a side elevation of a creped 
porous metal structure embodying the inven- 
tion; and 

30 Figure 21 is a side elevation of an un- 
compacted porous metal structure embodjong 
the invention. 

In the exemplary embodiment of the mven- 
tion as disclosed in Figure 1 of the drawing, 

35 a porous metal structure generally designated 
10 is shown to comprise a plurality of webs 
11, 12 and 13 of metal fibers 14. The metal 
fibers 14 are esssentially fracture free, each 
having a cross-section which although irregular 

40 is generally drcular, that is radially substanti- 
ally symmetrical, with a mean transverse 
dimension, or effective diameter, of less_ tiian 
50 microns. The metal fibers 14 are inter- 
locked in an intennin/ded relationship in the 

45 structure 10 substantially solely by means 
of the rou^ outer surfaces thereof in fric- 
tional engagement, though there may be a 
small amount of positive interlocking between 
the fibers as a result of curl imparted to diem 

50 during manufacture, as explained below. The 
structure 10 is a nonwoven web matenal 
which does not depend either upon inter- 
weaving of the individual fibers, or the use 
of bonding material to maintain the integrity 

55 thereof. ^ ^ , . 

Referring now to Figures 2 to 6, the metal 
fibers 14 "have, as stated above, a rough 
outer surface 15 which is unmachined and 
unbumished. As is more fully explained 

60 below, the fibers may be produced by the 
tension breaking of longer filaments, with the 
result that the opposite ends 16 and 17 of 
a fiber are notched and the fiber has taperm? 
end portions 18. As indicated in Figures 5 

65 and 6, the mid-portion 19 of the fibers may 



be curled or twisted in a plurah'ty of directions 
with the different curls having mutually non- 
parallel axes. Intermediate the end portions 
18, the fibers preferably have a substantially 
uniform cross-section. The fibers have a staple 70 
fiber lengtii of at least approximately two 
inches, the staple fiber lengtii being defined 
in the manner conventional in the textile art 
as the upper half mean of the array of all 
the fiber lengths. ^ . 

It is within the scope of the invention 
to use fibers produced by cutting metal fila- 
ments to the desired staple lengths, in which 
case, the filaments may be supported by sur- 
rounding matrix material "Suring the curring 80 
(^eration so that the ends of die cut fibers 
are straight. 

Referring now to Figures 7 to 10, one 
prefexred method of forming the fibers 14 
comprises the steps of providmg a plurality 85 
of metal rods 20 in a matrix 21 to define a 
billet 22. The billet is then reduced in dia- 
meter by a suitable constricting step, such as 
a wire dravring step as illustrated in Figure 7, 
to provide a reduced diameter composite 23. 90 
The composite 23 may be further reduced in 
diameter as by further drawing steps until the 
rods 20 define filaments 27 having an effec- 
tive diameter (that is a mean transverse 
dimension) of under 50 microns. Illustratively, 95 
the rods 20 may be formed of stainless sted 
and the matrix 21 may be formed of monel 
metal with the effective diameter of the fila- 
ments 27 being approximately 12 microns in 
the final draw. 100 

When the composite 23 has been reduced 
to the desired final diameter, the matrix 
material 21 is removed so as to leave the 
filaments 27 in the foiro of a tow 24. The 
removal of the matrix may be effected by 105 
any suitable meansv Illustratively, where the 
filaments are stainless steel and the matrix 
material is monel metal, the matrix may be 
removed by leaching with a suitable add 
such as nitric add. As illustrated in Figure 110 
9, the composite 23 may be arranged in the 
form of a spool to be submerged in ^e nitric 
add 25 in a suitable tank 26. 

As .shown in Figure 10, the resultant tow 
24 is comprised of a plurality of continuous 115 
filaments 27 in generally parallel arrange- 
ment. The filaments may be provided with 
zero twist as shown in Figure 10, or any 
suitable twist as desired, such as the con- 
ventional producer's twist of one-fifth of a 120 
turn per inch for facilitated handling of the 
tow 24, In forming the continuous filaments 
27 by the above described drawing process, 
the filaments may have relatively long lengths 
such as over 50 feet. For use in the metal 125 
structure 10, the filaments are converted into 
suitable staple length fibers which may range 
from one-half to six inches, such as the two* 
inch staple fibers discussed above. 

One method of forming the staple fiber is to 130 
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break the filaments to form a continuous 
band of the brokox fibers commonly called a 
sliver, such as sliver 28 illustrated in Figure. 
12. A method forming the sliver 28 from 

5 the tow 24 is illustrated in Figure 11 wherein 
the continuous filament tow 24 is fed throng 
a breaking apparatus of a type used in the 
textile industry. This apparatus includes a 
plurality of in-feed rollers 29, a plurality of 

10 intermediate rollers 30, heater means 31 for 
heating the tow as it passes around the rollers 
30, breaker bars 32, front rolls 33, and a 
crimper means 34. As shown in Figure 11, 
the tow 24 remains unbrc^en up to the 

15 breaker bars 32. The front rolls 33 are driven 
at a rate higher than the intermediate rolls 
to provide a draft, which may for example 
range from approximately 2-1/2 up to about 
7-1/2. The respective filaments 27 of the tow 

20 24 are thereby subjeaed to a tension. The 
breaker bars deflect the filaments from their 
normal straight line arrangement so that the 
different filaments break along different posi- 
tions of the tow 24 whereby the continuity 

25 of the band is maintained while yet the in- 
dividual filaments are broken to staple lengths 
to form the sliver 28. The sliver 28 as 
indicated above may be further formed as by 
crimping in apparatus 34 to form a crimped 

30 sliver 35 for facilitated subsequent handling. 
The sliver is formed into the final porous 
metal structure by firstly opening and picking 
the sliver, as indicated m the several forming 
methods illustrated in Figures 13 to 15. It 

35 has been found that by making the metal 
fibers of sufficiently anall size as discussed 
above (that is under 50 microns in diameter) 
that conventional textile apparatus 36 for 
opening and picking the sliver fibers may 

40 be employed to provide a bulk picked mass 
of fibers 37. The bulk fibers may then be 
fed behind a conventional textile card, or 
garnet, to form a sheet, or card web, 39. 
A plurality of the card webs 39 may then 

45 be laminated in a suitable textile lanunating 
apparatus 40 to form a laminated metal fiber 
structure 41, the inter-engaging rough surfaces 
of the fibers being effective to inter-connect 
the different webs. To provide a more com- 

50 pacted mat, the laminated metal fiber" struc- 
ture 41 may be suitably annealed in con- 
ventional annealing apparatus 42 if desired 
and compacted in a conventional compacting 
apparatus 43 to provide the final laminate 

55 porous metal structure 10. 

The density of the fibers in sheet 39 may 
be controlled by the rate of fiber input and 
by the selection of suitable card settings. In 
laminating the sheets 39, they may be cross- 

60 laid or parallel laid as desired. (While the 
carding operation effectively randomizes the 
fiber in the sheet 39, there is a slight machine 
direction to the orientation, that is there is 
a tendency for some preponderance of the 

65 fibers to extend in the directiaa of movement 



through the card machine.) While thei fibers 
in. sheet 39 generally extend paxalld to the 
plane of the sheet a small amount of curl, 
depending upon the cold woA ORiditicHi of die 
metal fibers in the pidoed bulk portion 37, 70 
is developed in the fibers aS: they are drafted 
over the card clothing. It has been foimd 
that such oirding causes the individual metal 
fibers to be curl^ in a plurality of directions,, 
the cuds having mutually nonparallel axes as 75 
shown in Figures 5 and 6. The laminated • 
fiber sheets 41 may be annealed as indicated 
above, if desired, to allow the fibers to take 
a new permanent set at a lower yield point 
and reduce their compressional resOience. For 80 
example, where the fibers are fOTmed of 304 
stainless steel, the annealing may be effected 
in an inert atmosphere at a temperature of 
rougjily 1950^ in apparatus 42. The com- 
pacting apparatus may compriscj for examine, 85 
a platen press. By suitably controlling the 
cwnpacting, an improved metal fiber struc- 
ture 10 is provided having a high selected 
fiber density, selerted dieet thidoieas and 
reduced pore size, high ratia of fiber surface 90 
area to volume of the structure 10, and con- 
trolled void percentage. The fibers effect a 
mechanical interlocking between themselves 
as a result of the curled arrangement theneof 
and their relatively rough surface character- 95. 
istics. The fibers effectively comprise un- 
bumished, immachined fibers as formed by. 
the above discussed multiple end drawing 
process. 

In Figure 14, a modified mediod of practice lOQf 
ing the invention in forming a porous metal 
structure 10' is shown to be generally similar 
to the method shown in Figure 13, except for 
the substitution of a cieper apparatus 44 for 
the compacting apparatus 43. Illustratively, 105 
creper apparatus 44 may comprise a conven- 
tional paper micro-creper, such as the micro- 
creper manufactured by the Bird Machine 
Company of Walpole, A4assachusetts, U.S.A. 
Such creper apparatus effectively crinkles the 110 
lan:unated web and effectively increases the 
multi-direcdonal tendlej, or burst, strength of 
the web. Further, the creped web 10.' has a 
substantially increased extensn>ility, the 
amount of extensibility being controlled by 115 
(the amoimt of areal reduction effected in 
the creper 44. As discussed above, the in- 
dividual fibers of the laminated web 41 (and 
the annealed laminated web 41' where the 
annealing apparatus 42 is employed) extend 120 
generally parallel to the plane of the web- 
so that the rough frictional characteristics of 
the fibers tends to hold them in the compacted 
state resulting from the creping operadon 
providing the desired reduced area and thick- 125 
ness of the metal structure 10'. 

If desired, the structure 10' may be re- 
turned into the creper 44 crosswise for the 
original direction, of creping so that a further 
creping or compacting. may be effected at right- 130 
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angles to tbe original creping. Illustratively, 
where the fibers are formed of 304 stainless 
steel, a total reduction in area of the web 
41 of as much as 90% may be effected by 
5 such double right angle creping. 

Turning now to Figure 15, a further 
modified method of foxming a porous metal 
structure such as pjorous metal structure 10, 
is shown to comprise a method generally 

10 similar to that of Figure 13, but wherein an 
air lay apparatus 45 is provided which by 
means of a turbulent air stream effectively 
randomizes the fiber arrangement in the out- 
put web. As indicated in Figure 15, the bulk 

15 fibers 37 may be delivered, direct to the air lay 
apparatus 45, or (to improve the uniformity 
of distribution of the fibers in the output 
web) they may be passed through the card 
38 and tfie resultant card web 39 delivered 

20 to the air lay apparatus 45, or the card 
webs 39 may be firstly laminated and then 
delivered to the air lay apparatus. The air 
lay apparatus 45 may be any conventional air 
lay apparatus wdl known to those in the 

25 textile art, one example thereof being shown 
in Figure 15 as . the rando-fecdcr-webber 
apparatus manufactured by the Cuiiator 
- CoiporatioxL Briefly, the appartus indudes a 
delivery conveyor 46. at the bottom of a 

30 hopper 47 in whidi the fibers 37, 39, or 41, 
as discussed above, are placed. An elevating 
conveyor apron 48 takes the fibers upwardly 
to a stripper conveyor apron 49 which forms 
tufts for delivery to an air bridge 50 con- 

35 ducting the fiba^ against a feed mat con- 
denser screen 51. A suction fan 52 holds the 
fibers against the screen where they are com- 
pacted by a subjacent roller conveyor 53 and 
delivered past a feed roll 54 and a licker-in 

40 55 to a condenser 56 against which the fibers 
are conducted by a cover 57 in the form of a 
web 41" carried on a delivery conveyor 58 
from the air lay apparatus 45, As in the 
previously indicated processes the web 41" 

45 may be annealed by a suitable annealing 
apparatus 42 if desired before delivery thereof 
to the compacting apparatus 43 (or creper 44 
as desired). 

In certain instances, it is desirable to pro- 

50 vide the fibers 14 of the porous metal struc- 
ture 10 in different diameters. Thus, for ex- 
ample, as shown in Figure 16, a blend of 
different diameter fibers 14, 14', 14", etc. 
may be provided by suitably deliv iring slivers 

55 28 of different diameter staple fibers to the 
picking apparatus 36. In Figure 17, a different 
arrangement of the different diameter fibers 
is illustrated wherein different size fibers are 
provided in different layers of the laminated 

60 web 41". When three or more layers arc 
used, the fibers of successive layers may have 
progressively decreasing cross-sectional areas. 

The individual fibers 14 extend randomly so 
as to engage eadi other in point contacts, as 

65 shown in Figure 18. The roughness and the 



curled aiiangement of the fibers 14, as mdi- 
cated above, cause an effectively positive 
mechanical interlocking between the fibejrs in 
the resultant structure notwithstanding the 
limited contact between the individual fibers. 70 

In addition to varying the arrangement of 
the porous metal structure by varying the dia- 
meters of the individual fibers thereof as dis- 
cussed relative to Figures 16 and 17, different 
portions of the metal structure may have 75 
different average pore sizes thereof, sudi as 
in the structures lOE" illustrated in Figure 
19. Thus, different layers 11', 12' and 13' 
of fiber webs may be laminated, with the 
different layers having different average pore 80 
sizes, such as pore sizes 11", 12" and 13" 
in the layers 11', 12' and 13', respectively. 
Thus, for example, the structure 10" may be 
utilized as a filter structure wherein the pore 
size varies, e.g. decreases progressively in the 85 
direction of fluid flow therethrough. 

In certain instances, it may be desirable 
to provide the metal structure in an uncom- 
pacted form. Illustratively, as diown m 
Figure 21, a metal strucitire 10"' embodying 90 
the invention is shown to comprise a random 
fiber web arrangement which, for example^ 
may correspond to the web 41" illustrated 
in the process of Figin-e 15. o< 

The different porous metal structures dis- 95 
cussed above may be utilized in many different 
applications such as in filter media including 
biological filter media of extremely small pore 
size, thermal insulation, vibration isolators, ^ 
abrasives, reinforcement materials for re- 1"*' 
inforcing weak matrical materials such as 
elastomers, plastics, other metals, glass or 
ceramic materials, battery electrodes, fuel cell 
electrodes, display devices utilizing phosphor- 
escent materials in the pores thereof, and 105 
laminates witii other fibers and sheets of 
material. 

In the illustrated embodiments of die in- ' 
vention, the metal fibers of the slivers 28 
may be provided with relatively hi^ degrees 110 
of cold woiidng, and in the illustrated embodi- 
ment, may be at least approximately S5% 
cold worked. The forming of the porous metal 
structures from 'fibers of lesser effective dia- 
meter then the 12 micron effective diameter 115 
fibers mentioned above (for example fibers 
having effective diameters as small as 4 
microns) both annealed and unannealed, has 
indicated that excellent porous metal struc- 
tures may be produced in accordance here- 120 
with. The felt arrangement of the fibers in the 
porous metal structures provides an improved 
porous metal struaure providing highly desir- 
able advantages in many applications, such 
as those discussed above. The small size of 125 
the individual fibers permits the porous metal 
structure to constitute a flexible sheet which 
may be folded on itself without breakage 
of the individual fibera. The porous metal 
~ structure may constitute a drapable sheet, 130 
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that is a flexible sheet having sufficient 
"body" to retam the fonn given to it. Where 
extensibility is desired in the application, a 
creped sheet may be employed with control 
5 of the degree of creping providing a pre- 
selected desired resilient extensibility. 

WHAT WE CLAIM IS: — 

1. A porous metal web structure comprising 
a plurality of substantially fracture-free, un- 

10 machined and unbumished metal staple fibers 
each of which has in any selected cross-section 
a mean transverse dimension of less than 50 
microns, said fibers having rough outer sur- 
faces and being interlocked in an inter- 

15 mingled relationship substantially solely by 
means of said rough outer surfaces thereof 
in fictional engagement. 

2. ^ The metal structure of daim 1, wherein 
the individual fibers are curled in a plurality 

20 of directions^ the curls having non-parallel 
axes. 

3. The metal structure of claim 1 or 2, 
wherein the fibers constitute a carded web. 

4. The metal structure of daim 1 or 2, 
25 wherein the fibers constitute a plurality of 

superposed interlocking carded webs. 

5. The metal structure of any of the 
preceding claims wherein the individual fibers 
are at least approximately 85% cold woiked. 

30 6. The metal structure - of ..any _ of the 
preceding daims, wherein tiie fibers have" 
high compressional resilience. 

7. The metal structure of any of claims 
1 to 5, wherein the fibers comprise stress- 

35 relieved fibers. 

8. The metal structure of any of the pre • 
ceding daims, wherein the fibers have a 
mean transverse dimension of less than 12 
microns. 

40 9. The metal structure of any of the 
preceding dainis, \i^erein the fibers are of 
substantially uniform cross-section tfarougjiout 
the central portion of their length. 

10. The metal structure of any of the 
45 precedii^ daims, wherein all the fib^s have 

substantially the same cross-secticmal area. 

11. The metal structure of any of claims 
1 to 9 wherein the fibers are a blend of 
fibers having different cross-sectional areas. 

50 12. The metal structure of any of daims 
1 to 9, wherein the fibers are disposed in 
layers and the fibers of the respective layers 
have different cross-sectional areas. 

13. The metal structure of claim 12, 
55 wherein the fibers are disposed in three or 

more layers and the fibers of successive layers 
have progressively smaller cross-sectional 
areas. 

14. The metal structure of any of the 



preceding claims, wherein the fibers are dis- 60 
posed in layers and the respective layers 
have different average pore sizes. 

15. The metal structure 6t any of ^e 
preceding claims, wherein the fibers have a 
staple fiber length of at least two inches. 65 

16. The metal structure of any of the 
preceding claims, wherein the fibers are com- 
pacted. 

17. The metal structure of any of the 
preceding daims, v^erein the metal structure 70 
is creped. 

18. The metal structure of any of the 
preceding claims^ wherein the structure is a 
flexible sheet. 

19. The metal structure of any of daims 75 
1 to 17, wherein the structure is a flexible 
sheet capable of being folded on itself with-r 

out breakage of said fibers, 

20. The metal structure of any of claims 

1 to 17, wherein the structure comprises a 80 
flexible sheet which will maintain the form 
given to it. 

21. The metal structure of any of the 
preceding daims, wherein the fibers have 
notdied ends. 85 

22. The metal structure of any of die 
preceding claims, wherein the fibers have 
the form obtained by the tension breaking 
of filaments, the fibers having tapering end 
portions. . 90 

23. A porous metal web structure having 
substantially the constitution of any one of 
the embodiments of the invention herein des- 
cribed with reference to the accompanying 
drawings. 95 

24. A staple metal fiber having a fracture 
free unmachined and unbumished outer sur- 
face, said fiber having an effective diameter 
of less than 50 microns and a substantially 
uniform cross-section. 100 

25. The staple metal fiber of daim 24, 
wherein the fiber has cut ends. 

26. The staple metal fiber of daim 24, 
wherein the fiber has tensildy broken ends. 

27- The staple metal fiber of daim 26, 105 
wherein said ends of the fiber are tapered. 

28. The staple metal fiber of daim 26, 
wherein said ends of the fiber are sub- 
stantially frustoconical. 

29. The staple metal fiber of daim 25, no 
wherein said cut ends of the fiber are formed 

by cutting the fiber while the fiber is com- 
pletely supported in a surrounding matrix. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Hdbom, 
London, W.C.I. 
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